Members of the Rho family of small GTPases have been shown to be involved in tumorigenesis and metastasis. Currently, most of the available information on the function of Rho proteins in malignant transformation is based on the use of dominant-negative mutants of these GTPases. The specificity of these dominant-negative mutants is limited however. In this study, we used small interfering RNA directed against either Rac1 or Rac3 to reduce their expression specifically. In line with observations using dominant-negative Rac1 in other cell types, we show that RNA interference-mediated depletion of Rac1 strongly inhibits lamellipodia formation, cell migration and invasion in SNB19 glioblastoma cells. Surprisingly however, Rac1 depletion has a much smaller inhibitory effect on SNB19 cell proliferation and survival. Interestingly, whereas depletion of Rac3 strongly inhibits SNB19 cell invasion, it does not affect lamellipodia formation and has only minor effects on cell migration and proliferation. Similar results were obtained in BT549 breast carcinoma cells. Thus, functional analysis of Rac1 and Rac3 using RNA interference reveals a critical role for these GTPases in the invasive behavior of glioma and breast carcinoma cells.
Introduction
The Rho family constitutes a subgroup of the Ras superfamily of small GTPases. In humans, the Rho family comprises 20 members that regulate a large variety of different functions, including the organization of the actin cytoskeleton, cell migration, mitogenesis and cell survival (Van Aelst and D'Souza-Schorey, 1997; Burridge and Wennerberg, 2004) . Importantly, work from a large number of laboratories has shown that the Rho family members Rac, Cdc42 and Rho are essential for cell transformation (Khosravi-Far et al., 1995; Qiu et al., 1995a Qiu et al., , b, 1997 Lin et al., 1997) , tumor cell invasion (Keely et al., 1997; Shaw et al., 1997) and metastasis (Bouzahzah et al., 2001) ; reviewed in Sahai E and Marshall (2002) .
Rho GTPases essentially function as switches, they are 'on' in the GTP-bound state and 'off' in the GDPbound state. The nucleotide state of Rho proteins is controlled by three classes of regulatory proteins (Symons and Settleman, 2000) . Guanine nucleotide exchange factors (GEFs) catalyse the exchange of GDP for GTP, thereby activating the protein. GTPase activating proteins (GAPs) promote the intrinsic GTP hydrolysing activity of Rho proteins, leading to their inactivation. Guanine nucleotide dissociation inhibitors (GDIs) preferentially bind to GDP-bound GTPases and prevent spontaneous and GEF-catalysed release of nucleotide, thereby maintaining the GTPases in the inactive state.
There are three Rac proteins in the human genome: Rac1, 2 and 3. These proteins are highly homologous and differ in their transcriptional regulation and tissue distribution. Rac1 is ubiquitously expressed, Rac2 is hematopoietically specific, whereas Rac3 is highly enriched in the brain and expressed at lower levels in a wide range of tissues (Haataja et al., 1997) .
Thus far, studies aimed at determining the functions of Rho proteins have largely relied on the use of dominant-negative versions of these GTPases. These are point mutants that have low affinity for guanine nucleotides and therefore are nonfunctional, but display a high affinity for the respective GEFs (Feig, 1999) . However, dominant-negative GTPases successfully compete with their endogenous counterparts and therefore inhibit their activation. An important caveat of dominant-negative mutants of Rho GTPases is that GEFs often catalyse nucleotide exchange on a number of different Rho family members (Zheng, 2001) , thereby limiting the specificity of the dominant-negative versions. For example, expression of the dominant-negative mutant Rac1-N17 has been shown to interfere with the activation of RhoA by the Dbl GEF (Debreceni et al., 2004) .
The limited specificity of dominant-negatives is particularly problematic for the functional analysis of highly similar GTPases such as Rac1 and Rac3, because we expect that most GEFs would not discriminate between these GTPases (Karnoub et al., 2001) . Therefore, to analyse the specific functions of Rac1 and Rac3 in tumor cell growth and invasion, we have used RNA interference (RNAi) (Denli and Hannon, 2003; Dykxhoorn et al., 2003) to inhibit their expression specifically. A recent study has indicated that Rac family proteins play a critical role in the survival of glioma cells (Senger et al., 2002) and we therefore focused on this system. Expression of the dominant-negative Rac1-N17 mutant has been shown to inhibit dramatically the survival of glioma cells, but not of primary astrocytes, the cell type from which glioma originates (Senger et al., 2002) .
In this study, we used transient transfection of Rac1-and Rac3-directed small interfering RNA (siRNA) to inhibit specifically the expression of these proteins in glioblastoma cells and examined the effects of depleting Rac1 or Rac3 on functions that are thought to be mediated by Rac proteins, that is, lamellipodia formation, cell migration, invasion, survival and proliferation.
Results

Characterization of siRNA-mediated depletion of Rac proteins
To examine the specificity of RNAi-mediated depletion of Rac1 and Rac3 we used SNB19, a grade IV glioblastoma cell line, and determined the effect of transfecting siRNA oligonucleotide duplexes directed against either Rac1 or Rac3 on the mRNA levels of Rac1 and Rac3 by quantitative PCR. Two independent Rac1-directed siRNA oligonucleotide duplexes, targeting either the ORF (Rac1-1) or the 3 0 -UTR region (Rac1-2), had a similar inhibitory effect on Rac1 mRNA expression, with no significant effect on Rac3 mRNA levels ( Figure 1a) . Conversely, both Rac3-directed siRNA duplexes inhibited Rac3 expression, but not Rac1. Whereas the siRNA that targets the 3 0 -UTR region (Rac3-2) was similar in potency to the Rac1-directed siRNAs, the Rac3 ORF-targeted oligo was less effective.
Currently, there are no good commercial antibodies available that are specific for either Rac1 or Rac3. We therefore examined the effect of the respective siRNA duplexes on total Rac protein using an antibody that recognizes both Rac1 and Rac3. Transfection of Rac1-directed siRNA strongly reduced Rac1 protein expression in comparison to luciferase-directed control siRNA ( Figure 1b) . We verified that an additional control oligo with a GC content of 42%, similar to that of Rac1-1 (38% GC) and Rac1-2 (43% GC) does not affect Rac expression (data not shown). We routinely achieved 70-80% inhibition in protein expression. Maximum inhibition is achieved within 3-4 days of transfection and the inhibition is sustained for up to 6 days after transfection (data not shown). The strong inhibition in total Rac protein levels caused by depletion of Rac1, together with the observation that depletion of Rac3 has no significant effect on total Rac protein levels (Figure 1b) , indicates that Rac3 protein levels are relatively low. This is supported by the observation that the levels of Rac3 mRNA in SNB19 cells, as estimated by quantitative PCR, are 20-30-fold lower than those of Rac1 (data not shown).
Depletion of Rac1 but not Rac3 inhibits lamellipodia formation in SNB19 cells
Expression of a dominant-negative mutant of Rac1 has been shown to inhibit the formation of lamellipodia induced by a variety of stimuli (Ridley et al., 1992) . Lamellipodia are thin, actin-rich veil-like extensions that protrude from the cell body and are thought to play a role in cell migration (Small et al., 2002) . To determine the roles of Rac1 and Rac3 in lamellipodia formation, we examined the effects of transfecting control and Rac1-and Rac3-directed siRNA on serum-induced 
Roles of Rac1 and Rac3 in SNB19 cell migration and invasion
Since Rac proteins have been implicated in the regulation of cell migration (Anand-Apte et al., 1997; Allen et al., 1998; Nobes and Hall, 1999) , we also investigated the effect of depleting Rac1 and Rac3 on cell migration using a monolayer wound healing assay. Quantification of the rate of cell movement over the first 16 h showed that depletion of Rac1 inhibits migration by about 80%, whereas depletion of Rac3 inhibits migration only by 20% (Figure 3) .
To examine the roles of Rac1 and Rac3 in cell invasion, we determined the effect of depleting Rac1 or Rac3 on the invasive properties of SNB19 cells using a transwell matrigel invasion assay (Repesh, 1989) . Interestingly, siRNA-mediated depletion of Rac1 or Rac3 resulted in similar inhibition of SNB19 cell invasion, by approximately 80% (Figure 4 ). The inhibitory effect of Rac3 on invasion is proportional to the efficiency of the oligo. Oligo Rac3-2, which is similar in efficiency to that of the two Rac1 oligos (Figure 1 ) causes a similar extent of inhibition, whereas the less efficient oligo Rac3-1 inhibits less well. We also note that the invasion assay was performed with serum present both in the top and bottom wells of the transwell chamber, implying that depletion of Rac1 or Rac3 inhibits invasion proper and that this inhibition is not caused by a potential inhibitory effect of Rac1 or Rac3 depletion on chemotaxis. These results therefore indicate an important role for both Rac1 and Rac3 in SNB19 cell invasion. We also verified that an additional control oligo (42% GC) does not affect SNB19 cell invasion (data not shown). In addition, we showed that siRNAmediated depletion of Rac1 strongly inhibits invasive behavior of another grade IV glioblastoma cell line, U87MG (Supplementary Information, Figure S1B ).
Effects of depletion of Rac1 and Rac3 on SNB19 cell proliferation and survival
Expression of dominant-negative Rac1 has been shown to strongly inhibit the survival of glioma cell lines in normal growth conditions (Senger et al., 2002) . To determine whether depletion of either Rac1 or Rac3 has similar effects on SNB19 cells, we first examined the effects of Rac1-and Rac3-direced siRNA on SNB19 cell proliferation using sulforhodamine B, a colorimetric assay (Skehan et al., 1990) . Depletion of either Rac1 or Rac3 causes a small, but reproducible decrease in cell growth in the presence of 10% serum (Figure 5a ). These results imply that the dramatic inhibition in cell invasion caused by depletion of Rac1 or Rac3 is not due to a decrease in cell growth. We observed a much more pronounced inhibitory effect of depleting either Rac1 or Rac3 on the growth of SNB19 cells in the absence of serum (Figure 5b ). Determination of cell death by an ELISA assay that quantifies histone-associated DNA fragments indicates that this inhibitory effect is not caused by an increase in apoptosis however (Figure 5c ). We also demonstrated that siRNA-mediated depletion of Rac1 does not affect cell proliferation of U87MG cells ( Supplementary Information, Figure S1C ).
Functional analysis of Rac1 and Rac3 in BT549 breast carcinoma cells
To extend our analysis to carcinoma cells, we examined the effects of depleting either Rac1 or Rac3 on invasion and cell proliferation of BT549 human breast carcinoma cells. Similar to the results obtained in glioblastoma cells, depletion of Rac1 or Rac3 has a strong inhibitory effect on BT549 invasion (Figure 6b ) with a minor effect on cell proliferation (Figure 6c ).
Discussion
This study is the first characterization of the specific functions of Rac1 and Rac3 in tumor cells. We found that siRNA-mediated depletion of either Rac1 or Rac3 has a strong inhibitory effect on the invasive behavior of glioblastoma and breast carcinoma cells, whereas cell proliferation is strongly inhibited only in the absence of serum. These results suggest critical roles for these Rac GTPases in tumor cell invasion.
This work is also the first to report significant differences between the roles of Rac1 and Rac3 in the organization of the actin cytoskeleton and cell migration. Our results (Figure 2) show that RNAi-mediated depletion of Rac1 strongly inhibits lamellipodia formation, but depletion of Rac3 does not. In addition, depletion of Rac1 strongly inhibits monolayer wound healing, whereas depletion of Rac3 only has a minor effect.
Notably, in contrast to the effect of RNAi-mediated depletion of Rac3, transient expression of a dominantnegative version of Rac3 strongly inhibits lamellipodia formation, to the same extent as caused by dominant-negative Rac1. This nonspecific effect of dominant-negative Rac3 is not surprising, because of the high degree of similarity of Rac1 and Rac3 (Haataja et al., 1997) .
More surprising is the observation that expression of constitutively active Rac3 strongly stimulates lamellipodia formation (Figure 2 ; Joyce and Cox, 2003) , in view of our observation that RNAi-mediated depletion of Rac3 does not affect lamellipodia production. One explanation of this discrepancy could be that Rac1 and Rac3 display a distinct intracellular localization and that the respective overexpressed versions are somehow mislocalized. In support of this scenario, we found that whereas GFP-Rac1, when expressed in excess of the binding capacity of RhoGDIa, predominantly targets to the plasma membrane, GFP-Rac3 shows prominent endosomal and nuclear envelope localization in addition to plasma membrane targeting (Supplementary Information, Figure S2 ). GFP-Rac2 predominantly localizes to endomembranes, including the nuclear envelope, endosomes and the peripheral endoplasmic reticulum (Michaelson et al., 2001 ; Supplementary Information, Figure S2 ).
Our observations that the effects of expression of dominant-negative or constitutively active mutants of Rac3 do not reflect the functions of Rac3 as indicated by RNAi-mediated depletion indicates that the usefulness of these tools is limited. Thus, these findings have important implications for the study of Rho family GTPases and beyond. We emphasize that salient results reported in this paper were reproduced using two independent siRNA oligos for each of the Rac isoforms, in addition to two control oligos, thereby strongly diminishing the possibility that the observed effects could be due to off-target action of the respective siRNAs (Jackson et al., 2003; Saxena et al., 2003; Scacheri et al., 2004) .
The marked differences between the functions of Rac1 and Rac3 are intriguing because these two Rac proteins share 92% amino-acid identity, differing mainly in their C-terminal hypervariable region. The hypervariable region of Rho GTPases is an important determinant of their subcellular localization (Michaelson et al., 2001) and it is likely that the precise localization of GTPases contributes to their functions (Symons and Settleman, 2000; Gulli and Peter, 2001; Filippi et al., 2004) . In addition, although Rac1 and Rac3 are likely to share most of their effectors ( (Haataja et al., 1997 (Haataja et al., , 2002 Chan et al., unpublished observations) , the hypervariable domain may also contribute to effector binding selectivity. This is supported by the observation that the Rac3-specific effector CID binds to the C-terminal domain of Rac3 but not of Rac1 (Haataja et al., 2002) .
The strong inhibitory effect of depleting Rac3 on tumor cell invasion is quite remarkable in view of the fact that Rac3 protein only makes up a very small fraction of that of total Rac (Figure 1b) . One explanation for these observations is that the small complement of Rac3 is constitutively active in the tumor cell lines that we have examined, as was found in highly proliferative breast carcinoma cell lines (Mira et al., 2000) .
In agreement with observations that used expression of dominant-negative Rac1 to interfere with the activation of Rac-like GTPases, we found that depletion of Rac1 in SNB19 cells strongly inhibits lamellipodia formation and cell migration. These results provide evidence for a critical role for Rac1 in lamellipodia formation and cell migration. Rac GTPases are thought to regulate lamellipodia formation and cell migration in large part by stimulating actin polymerization (Small et al., 2002; Ridley et al., 2003) . Inroads have been made toward the understanding of the signaling mechanisms that mediate these functions downstream of Rac1 (Burridge and Wennerberg, 2004; Raftopoulou and Hall, 2004) . Rac1-stimulated actin polymerization is mediated by a multiprotein complex that includes WAVE, which in turn stimulates Arp2/3-dependent actin nucleation (Eden et al., 2002) , whereas the inhibitory effect of Rac1 on myosin contractility is thought to be mediated by the Rac effector PAK (Bokoch, 2003) .
Notably, the inhibitory effect of Rac1 depletion on cell migration in SNB19 cells is in contrast with findings in hematopoietic cells. Thus, neutrophils obtained from mice with a conditional Rac1 allele show essentially normal chemotaxis toward fMLP, whereas Rac2À/À neutrophils are significantly inhibited in chemotaxis (Gu et al., 2003) . Furthermore, Rac1À/À bone marrow macrophages also display normal migratory behavior (Wells et al., 2004) . The migratory behavior of a colon carcinoma cell line also has been found to be regulated in a Rac-independent fashion (O'Connor et al., 2000) . These observations suggest that the role of Rac1 in cell migration is cell type-dependent and it will therefore be of interest to extend our studies to a larger panel of tumor cell lines.
It is likely that Rac1 regulates cell invasion by stimulating signaling pathways in addition to those that control the actin cytoskeleton. For example, Rac proteins have been shown to control the expression and activity of a number of different metalloproteinases involved in extracellular matrix remodeling, including MMP1, MMP2 and MMP14 (Kheradmand et al., 1998; Zhuge and Xu, 2001 ). In addition, we recently showed that the phosphatidylinositol phosphatase synaptojanin 2 is a Rac effector that is also necessary for efficient cell migration and invasion (Chuang et al., 2004) , although the molecular mechanisms whereby synaptojanin 2 mediates these functions remain to be clarified. Much less is known about how Rac3 regulates cell invasion. We did find however that as for Rac1, depletion of Rac3 inhibits MMP1 production (Supplementary Information, Figure S3 ).
We were surprised to find that although depletion of either Rac1 or Rac3 strongly inhibits the invasive behavior of tumor cells, it has no significant effect on cell survival. In contrast, expression of a dominantnegative version of Rac1 has a very strong inhibitory effect on cell survival in a number of different cell lines (Coniglio et al., 2001; Ruggieri et al., 2001; Senger et al., 2002) . Thus, it appears that there are qualitative differences between the effects of Rac1-directed siRNA and dominant-negative Rac1. One possible explanation for this discrepancy is that dominant-negative Rac1, in addition to inhibiting endogenous Rac GTPases, inhibits other Rho GTPases, whereas RNAi does not. Another possibility, however, is that overexpression of dominant-negative Rac1 at high enough levels can completely abolish the activity of Rac proteins (and potentially of additional Rho family members) and that the relatively small amount of Rac1 that remains in the Rac1-directed siRNA-treated cells performs essential functions such as cell survival.
In conclusion, the functional characterization of Rac1 and Rac3 in tumor cell lines using RNAi revealed critical roles for these GTPases in the invasive behavior of glioma and breast carcinoma cells. The use of RNAi to specifically deplete Rho family members in tumor cells is likely to yield important new information about the signaling mechanisms that contribute to malignant transformation.
Materials and methods
siRNA preparations
siRNA oligonucleotide duplexes specific for Rac1 or Rac3 were designed according to Elbashir et al. (2001) . 21-nt RNAs were purchased from Dharmacon (Lafayette, CO, USA) in deprotected and desalted form. The siRNA sequences used are: Rac1-1, corresponding to bp 439-459 after the start codon of the Rac1 gene (5 0 -AAGGAGATTGGTGCTG TAAAA-3 0 ), Rac1-2, corresponding to bp 616-636 after the start codon of the Rac1 gene (5 0 -AACCTTTGTA CGCTTTGCTCA-3 0 ), Rac3-1, corresponding to bp 550-570 after the start codon of the Rac3 gene (5 0 -AAGCCGGG GAAGAAGUGCACC-3 0 ), Rac3-2, corresponding to bp 701-721 after the start codon of the Rac3 gene (5 0 -AAGCATGGG GATGAGGCTGGG-3 0 ) and luciferase, corresponding to bp 291-309 after the start codon of the GL2 luciferase gene (5 0 -AACGTACGCGGAATACTTCGA-3 0 ). siRNA duplex formation was performed as described in Elbashir et al. (2001) .
Cell culture and transfections
Cells were grown at 371C in DMEM supplemented with 10% FCS and penicillin/streptomycin. Transient transfection of siRNA was carried out using either Oligofectamine (Invitrogen) or Lipofectamine 2000 (Invitrogen). For the Oligofectamine transfections, 1 day before transfection, cells were trypsinized and plated on a six-well plate at 1 Â 10 5 cells/well in 1 ml of DMEM 10% serum without antibiotics. In all, 1.5 ml of siRNA (to yield a final concentration 25 nM) diluted in 100 ml of serum-free DMEM and 4 ml of Oligofectamine diluted in 16 ml of serum-free DMEM was preincubated for 7 min. The two mixtures were combined and incubated for 25 min at room temperature for complex formation. After addition of 76 ml of serum-free DMEM, the entire mixture (200 ml) was added to each well, containing a final volume of 1.2 ml. For the Lipofectamine 2000 transfections, cells were plated on a six-well plate at 1.7 Â 10 5 cells/well in 2.5 ml of DMEM 10% serum without antibiotics. Transfections were carried out as soon as the cells were fully spread. In all, 3 ml of siRNA (to yield a final concentration of 20 nM) diluted in 250 ml of DMEM and 4 ml of Lipofectamine 2000 diluted in 250 ml of DMEM was preincubated for 5 min. The two mixtures were combined and incubated for 20 min at room temperature for complex formation. The entire mixture (500 ml) was added to each well, to a final volume of 3 ml. Cells were assayed 3-4 days after transfection. Rac and tubulin expression was determined by Western blot analysis, respectively, using monoclonal antibodies against Rac and b3-tubulin (Upstate Biotechnology, Lake Placid, NY, USA).
For transient transfection of plasmids, SNB19 cells were plated on laminin-coated coverslips (BD Biosciences) and transfected with 0.4 mg of Myc-tagged pRK5 Rac3-V12 or pRK5 Rac3-N17 (Mira et al., 2000) , pEXV Rac1-N17 (Qiu et al., 1995a) or T7-tagged pCGT Rac1-V12 (Joneson et al., 1996) using Effectene transfection reagent (Qiagen) following the protocol provided by the manufacturer for a 24-well plate. At 24 h after transfection, Rac1-expressing cells were identified by immunofluorescence with either anti-Myc (Roche) or anti-T7 (Novagen) antibodies.
Quantitative PCR
Total RNA was isolated using RNeasy (Qiagen, Valencia, CA, USA) from SNB19 cells 3 days after transfection with 20 nM of siRNA in a six-well plate. cDNA synthesis was performed using 1 mg of total RNA primed with oligo(dT) as described in Thermoscript TM RT-PCR System (Invitrogen). Quantitative PCR was then performed using the ABI TaqMan system (Rac1 forward primer: AAGAGAAAATGCCTGCTGTTG TAA, reverse primer: GCGTACAAAGGTTCCAAGGG; Rac1 Probe: TET-TGTCTCAGCCCCTCGTTCTTGGTCC-TAMRA. Rac3 forward primer: GGGAAGACATGCTT GCTGATC, reverse primer: CCTCCTGACCCGCTGTGT; Rac3 Probe: TET-CTACACGACCAACGCCTTCCCC-TAMRA). Expression of b-actin mRNA was used as internal control. The mRNA expression level of Rac1 and Rac3 in Rac1-or Rac3-depleted cells was normalized to the respective Rac1 and Rac3 mRNA expression levels in control cells transfected with siRNA directed against luciferase.
Immunofluorescence
Cells that were transfected with either Rac1-, Rac3-or luciferase-directed siRNA for 24 h were trypsinized and plated on laminin-coated coverslips overnight. After 16 h of serum starvation, cells were stimulated with 5% serum-containing medium for 5 min. Subsequently, the cells were washed with PBS, fixed in 4% formaldehyde/PBS, permeabilized with 0.1% Triton X-100 dissolved in PBS and incubated with FITCconjugated phalloidin (Molecular Probes) to stain for F-actin.
Processed coverslips were mounted in 75% Vectashield mounting medium (Vector Laboratory). Images were collected using an IX70 Olympus inverted microscope equipped with a Â 60 (1.4 NA) objective, an Orca II cooled CCD camera (Hamamatsu) and ESee (Inovision, Raleigh, NC, USA) image analysis software.
Quantification of lamellipodia formation
Cells were treated as described under 'Immunofluorescence'. For each experimental condition, images were taken in a random fashion. Lamellipodia were traced using ESee image analysis software. For each cell, the total length of the lamellipodia was divided by the circumference of the cell to give the percentage of lamellipodia per cell.
Invasion assay
Invasion was assayed by measuring cell invasion through Matrigel Invasion Chambers (Becton Dickinson, MA, USA). At 2 days after transfection with siRNA, cells were placed in the upper chamber in whole medium (DMEM and 10% FCS), 4 Â 10 4 cells for SNB19 and 1 Â 10 5 cells for BT549 and U87MG cells. 500 ml of whole medium was added to the bottom chamber. After 24 h of incubation at 371C, cells on the upper surface of the filter were wiped off with a Q-tip and the filter was fixed in 4% formaldehyde/PBS. After staining with crystal violet, all cells on the bottom of the chamber were counted using an IX70 Olympus inverted microscope.
Monolayer wound healing assay
At 2 days after transfection with siRNA, 2 Â 10 5 cells were detached and plated in a 12-well plate. After overnight incubation, two parallel wounds of approximately 400 mm were made using a p1000 pipette tip. After rinsing with PBS, cells were allowed to recover for 15 min. Images were collected for each siRNA treatment at various times after wounding for the same eight spots, localized on the underside of the dish by a marker. Cell migration distance was determined by measuring the width of the wound divided by two and subtracting this value from the initial half-width of the wound. The rate of cell movement was calculated as the slope of the migration distance over an 18-h time period.
Sulforhodamine B assay
Cell proliferation was measured using the sulforhodamine B colorimetric assay (Skehan et al., 1990) . Briefly, 1 day after siRNA transfection, cells were seeded at 2 Â 10 3 cells/well in a 96-well microtiter plate. At various times, cells were fixed in 10% trichloroacetic acid for 1 h at 41C, rinsed and subsequently stained for 30 min at room temperature with 0.2% SRB dissolved in 1% acetic acid, followed by air drying. The bound dye was solubilized in 100 ml of 10 mM unbuffered Tris base for 30 min and the OD was read at 490 nm in an ELISA plate reader.
Apoptosis assay
The level of DNA fragmentation was quantified using the Cell Death ELISA PLUS kit (quantifying histone-associated DNA fragments) using the protocol suggested by the manufacturer (Roche).
